ABSTRACT.-This study describes the scent marking behavior of a captive group of meerkats (Suricata suricatta). Anal gland secretions were deposited most often by the leg lift movement. Both males and females marked regularly and the frequency of marking by individuals fluctuated over time. Not all prominent objects in the enclosure were consistent targets of leg lifts. Novel objects, even when identical to established marking targets, were not marked over a period of several months and the scent of an unfamiliar conspecific did not increase marking. Frequency of marking did increase after established scent posts were cleaned, when access to posts was prevented prior to an observation, and when an unfamiliar conspecific was present. The results suggest several factors that contribute to the control of anal gland marking and perhaps multiple functions for the behavior. Evidence also was found to suggest that body rubs are used to acquire odors deposited by leg lifts.
these studies and those of the scent marking behavior of related viverrids and other carnivores can be found in Macdonald's (1985) recent review.
The current study focused on the normative features of marking in a captive group of meerkats. Particular attention was given to the targets of leg lifts, the actual forms of marking behavior and the distribution of scent marking across the group members. Patterns of behavior that might be related to scent marking were examined. If an individual's odor serves to maintain the familiarity of that animal within the group (Rasa, 1973) or to promote the orientation of an animal within its range (Gorman, 1980; Kleiman, 1966 ) then a novel object or an odorless marking target might elicit marking. Furthermore, if scent marking serves as a threat in agonistic circumstances (Johnson, 1973; Kleiman, 1966; Ralls, 1971; Rasa, 1973) , then the scent of an unknown animal should elicit marking. These and related predictions were pursued in this study.
METHODS

Subjects and Enclosure
A pair of meerkats (Milf and Jess) and their two 2-year-old offspring (Aldous and Maria) were obtained on extended loan from the Metropolitan Toronto Zoo. The parent's ages were unknown. A fifth animal (Mutt), a 1-year-old hand-reared male obtained from the same source, was used as a stimulus animal. The main group was housed during the study, and for 2 years previously, in a two-room enclosure (room A: 2 by 2.5 m; room B: 1.6 by 3 m). Both rooms were well lit on a natural light cycle. Lengths of plastic drainage tubing, ramps leading to ledges at window level, a box containing loose clay litter, several tree branches and stumps, and a nest box were provided. The meerkats were fed meat with a vitamin/mineral supplement and fruit and vegetables daily.
Procedures
Each observation period lasted 30 min and occurred between 1100 h and 1400 h. An all occurrence sample (Lehner, 1979) of each category of marking and associated behaviors was made using a checklist. The identity of the observed animal, the location of the mark, and the time of its occurrence also were recorded. The following categories were used:
Leg lift.-The basic form of the leg lift observed was the same as that described by Ewer (1963 Ewer ( , 1973 and Rasa (1973) . The tail is averted to the side, the hindquarters are raised as one leg is lifted, and the anal region is wiped on the surface with a downward motion. No differences were observed between the form in males and females.
Anal drag.-The anal drag was described by Ewer (1963) . The anal pouch is dragged across a horizontal surface by flexing the rear legs, lowering the hindquarters, and moving forward.
Body rub.-Some portion of the body is rubbed against a vertical surface. The rub can range from the cheek alone to the entire length of the body. No scent can be deposited directly from the anal pouch in this way.
Sniff.-A distinct head movement directed at, and bringing the snout within 1 cm of an object. A second bout was counted if no sniffing occurred for more than 3 sec.
Scratch.-Scratching with the forepaws at or within 5 cm of an object which was regularly marked. Bouts were defined as for sniffing.
All urinations and defecations also were recorded. No problems were encountered in consistently identifying the behavioral categories by any of the four observers used at stages of the study.
Jess, the older female, was removed 14 days prior to the outset of series 1. An independent set of observations was made in room A; just prior to and immediately following her removal from the group in October 1980, and again in February 1981. Only leg lifts were recorded in these observations. In series 1, 81 30-min sessions were conducted between November 1980 and April 1981. Observations typically were made 5 days per week. The meerkats were restricted to room A of the enclosure for between 10 and 15 min prior to being restricted to room B for 30 min when all recordings were made. At all other times the animals had free access to both rooms unless restrictions were a part of the experimental manipulations. In 35 of the sessions no changes were made to room B (NC sessions). In the remainder some manipulation was made to room B while the animals were restricted to room A. The order of manipulations is indicated in Table 1 . Further details of specific conditions are described as the data are presented.
The initial series of observations suggested that patterns other than the leg lift might be associated with anal gland marking, and that the odor level of familiar scent on established scent posts affected scent marking. A second set of sessions (series 2), employing the same basic procedures as series 1, was conducted in April and May 1982 to investigate these possibilities. The meerkats were observed during ten 30 min sessions under each of four conditions. The order of presentation of the conditions was random. The conditions were: NC-no change; LO-animals were "locked out" of room B for the 24-h period preceding the observation; W2-two regularly marked objects were washed with a steel brush and water; WA-all regularly marked objects were washed. Only data from series 2 were used in some analyses because some patterns other than the leg lift were not consistently recorded in the earlier sessions of series 1. Maria died 9 months prior to series 2 and the older female, Jess, was reintroduced 1 month after her death.
RESULTS
The skin around the anus of the male meerkats was deeply wrinkled and covered in odorous secretions. This anal pouch is everted when the tail is raised. The corresponding region in the two females examined in this study was smooth and hairless. Examination of a single adult female (Maria) during a postmortem revealed holocrine and apocrine glands and an anal sac on either side of the anus. Each sac contained the dark, odorous fluid seen on the external pouch area. The cheeks of the same deceased female featured a small darkly pigmented area on each side of the face approximately 5 mm directly behind the corners of the mouth from which vibrissae grew. Analogous structures were observed in a live male. Histological examinations revealed no glandular tissue, but only blood filled lacunae, apparently part of a tactile structure.
The Leg Lift
Frequency and distribution.-The mean number of leg lifts observed in NC sessions in series 1 was 6.50 (SD = 4.57). Under the same condition in series 2, the mean was 3.90 (SD = 3.90). All meerkats exhibited the leg lift, but the relative level of marking varied across individuals with time. In series 1, 71% of all marks were made by the female, Maria (Fig. la) . Both Milf and Aldous also leg lifted, but much less often. In series 2, Milf displayed over 95% of all leg lifts when Jess rather than Maria was the female in the group (Fig. lb) .
Such a dramatic shift in the distribution of marking also was observed in an independent series of 30 min sessions when all animals were restricted to room A. Over 90% of leg lifts was performed by the older male, Milf, when all four animals were present (Fig. 2a) . The second male, Aldous, displayed some leg lifts, but neither female marked. The youngest female had never been observed to make a leg lift. This pattern was representative of behavior for over a year prior to this time (see Sorensen, 1981). The pattern essentially was unchanged following the removal of the older female, Jess (Fig. 2b) . However, 3 months later (Fig. 2c) , Maria exhibited over 30% of leg lifts. Milf's rate of leg lifting fell from 16.6 per 30 min when Jess was present, to 6.8 per 30 min immediately after she was removed, and finally to 3 per 30 min 3 months later.
Targets.-The most frequently marked objects in series 1 were the two corners of the sandbox (B and C) and two legs of the sink (J and K) (Fig. 3a) . Accessibility alone was not sufficient to establish an object as a marking post. Corners E, H, and I were marked only 2, 3, and 14 times during the series, whereas F, that was essentially identical, was marked 42 times. The same class of objects was the target of leg lifts in series 2, although the distribution changed (Fig. 3b) .
Novel objects and scent.-Novel objects were introduced during series 1 (see Table 1 ). Initially, a retort stand was left in room B and the animals were observed for two sessions. The stand was vigorously scratched and sniffed, but was not marked. In the next three sessions, white Plexiglas rods (2.5 cm by 15.2 cm), one horizontal and one vertical, were clamped onto the stand during the session only. All animals immediately vigorously scratched at, sniffed, pulled at, and chewed on, but did not mark the rods. The same procedure was followed for the next five sessions except that each rod first was wiped across the anal pouch of an unfamiliar male meerkat ( were introduced continued at normal levels. The rods and retort stand were left in room B for the remainder of series 1. During the final 70 sessions of the series only 3 leg lifts were directed at either rod.
The rods were novel, but also differed in size, shape, location, and surface texture from established marking posts. Failure to mark these objects might have resulted from their physical unsuitability. Therefore, novel stimuli were introduced that were identical to established marking posts. Two wooden boxes were constructed whose corners were identical in all respects to B and C (Fig. 3) . One of these new boxes was placed in a location where leg lifts had never occurred (P and 0 in Manipulations that reduced odor on objects.-Three manipulations were made in series 1 (see Table 1 ) to change odor level in various ways: 1) preventing the animals' access to room B (LO), 2) cleaning all regularly marked objects (WA), and 3) cleaning selected objects (W2). The meerkats were restricted to room A and prevented from renewing marks in room B for 24 h prior to an observation on 11 occasions. The animals made an average of 15.2 (SD = 7.89) leg lifts during these observations. This was significantly higher than an average of 6.9 (SD = 4.90) for the first 11 NC sessions following the final session in which the animals were restricted (t = 3.36, d.f. = 20, P < 0.01). Prior to four sessions, all previously marked objects (see Fig. 3a) were scrubbed with steel wool and water. On average 31.1 (SD = 9.68) leg lifts occurred in each session. The animals appeared agitated and aroused upon release and began marking immediately. Finally, selected objects were cleaned prior to four sessions. Two objects were cleaned on two days and one on the other two days. No increase in leg lifting was observed (X = 6.77, SD = 2.06). However, of the 27 marks observed 21 (78%) were directed at the posts that had been washed on that day. Regular targets of leg lifts: B, C, J, and K (see Data were taken only from sessions 1 through 55 of series 1, after which manipulations were made to particular objects in the enclosure. Data from W2 sessions in series 2 are not included. The size of the symbol is proportional to the percentage of the total marks directed at each object. A total of 586 leg lifts for series 1 and 183 for series 2 is represented and no indication is given for objects receiving less than one percent of this total. 1968). However, overall levels of marking were not significantly changed relative to NC sessions when marking in room B was prevented or when only two objects were washed prior to an observation session (q(4,77) = 0.87 and q(2,27) = 0.96, respectively). In contrast to series 1, there was no tendency for leg lifts to be made preferentially on the washed objects. An average of 46.8% of leg lifts per session was directed at a cleaned object. This was not significantly different from an average of 32.9% directed at two similar objects in any one of the NC sessions (t = 0.75, d.f. = 18). In series 1 four of the six objects washed were the most frequently marked objects, whereas in series 2 objects were randomly selected to be washed on each day.
Effects of the scent and presence of an unfamiliar conspecific.-The initial application of a strange anal scent to Plexiglas rods did not elicit leg lifts. In seven later sessions in series 1 (see Table 1 ) the anal pouch of the unfamiliar male (Mutt) was rubbed across two marking posts just prior to the observation session. A total of 29 leg lifts was observed following this manipulation and an average of 23% per session (SD = 25.6) was directed at posts that had been marked this way prior to the session. This was not significantly different from an average of 6.29% per session (SD = 16.23) directed at these posts in the seven preceding NC sessions (t = 1.46, d.f. = 12). Following these manipulations, one of two meerkats was put into room B when the study animals were restricted to room A. Mutt was used twice, and on six other days, Jess, the female that had been removed prior to the first series of observations, was used (see Table 1 ). The behavior of the stimulus animal and of the group upon release after the removal of the stimulus animal was recorded.
Mutt moved frantically and marked all objects and corners. It was impossible to record the location of all leg lifts because they occurred too frequently. He made 200 and 121 leg lifts during each of two 15 min periods prior to the release of the study group. In contrast, Jess did not make any leg lifts, but moved around, sniffed objects, and ran in the running wheel.
The number of leg lifts during the eight sessions conducted immediately after an unfamiliar animal had been in room B was significantly greater than that observed during the preceding eight NC sessions (X = 22.50; SD = 16.91 and X = 5.38; SD = 4.78, respectively; t = 2.63, d.f. = 14, P < 0.05). However, this difference is largely accounted for by the unusually high number of leg lifts observed on only three of the eight days. The distribution of marks in the room did not differ from that observed at other times during the study. All animals appeared agitated during these sessions and moved about quickly, directing sniffs at all objects. On four occasions, Jess was placed in room B in a wire cage with the study group for 15 min prior to a session (see Table 1 ). All animals immediately approached, sniffed, and scratched at the cage. Neither male showed signs of aggression. Milf, the older male, soon moved away, while the younger male remained near the cage throughout each 15 min exposure session. The younger female, Maria, continually spit, lunged at, and reached into the cage to claw at Jess in an attempt to gain access to the older female. Observations continued for 30 min following Jess' removal.
There was no increase in leg lifts by the males when Jess was present. Maria, however, marked almost continually. She exhibited 144 leg lifts during the four 15 min periods or an average of 72 per 30 min. This is much higher than the mean of 6.5 leg lifts per 30 min during all NC sessions in the series. All marks were directed at the cage enclosing Jess or at nearby objects.
The frequency of leg lifts that followed Jess' removal from room B was significantly greater than that observed during the four preceding NC sessions (t = Urination.-Urinations were not influenced by any of the manipulations performed during this study (in series 2, F(3,27) = 0.11). Eighty-nine urinations were observed in series 1: 18% performed by Milf; 54% by Aldous; and 28% by Maria. Seventy-eight urinations were observed in series 2: 11% performed by Milf; 57% by Aldous; and 31% by Jess. There was no significant correlation between the locations of urination and leg lifts (r = 0.39). Only three urinations in series 2 occurred in leg lift sequences, but they frequently terminated other sequences (see Fig.  5 ). A variation of the basic urination pattern sometimes was observed. The meerkat paused with the hindquarters raised as if to complete a leg lift, then sprayed the object with urine. Thirtyeight of these raised-leg urinations were observed in series 2. Sixty-eight percent were made by Jess, 21% by Milf, and 11% by Aldous. Urine also was ingested in series 2. Aldous licked urine on 59 occasions and always licked his own urine. Milf licked Jess' urine on 10 occasions. Milf sometimes ran quickly down from a window ledge as soon as Jess urinated in order to lick her urine.
Body rubs.-Body rubs were first recorded near the end of series 1 and were observed on all objects that were marked with leg lifts. The spatial distribution of rubs was highly correlated with that of leg lifts (r = 0.90, P < 0.005). Only Maria and Aldous displayed body rubs in series 1. Maria sometimes displayed rubs with the cheek only. Milf displayed 137 of 157 rubs (87%) in series 2 and Aldous displayed the other 20 with the cheek only. The number of rubs observed in series 2 when all objects were washed was greater than that observed in NC sessions (F(3,27) = 16.79, P < 0.001; q(2,27) = 7.05, P < 0.01) but body rubs were not significantly affected by the W2 or LO conditions. The presence of Jess in a cage resulted in a dramatic increase in the number of body rubs by the younger female, Maria. She displayed 218 rubs during the four 15 min periods. Forty-five rubs with the cheek alone also were observed in the final three sessions. Eighteen percent of all rubs occurred in isolation from other recorded patterns.
Sniffing.-Sniffing was not recorded until the latter part of series 1. The distribution of sniffs correlated highly with that of leg lifts (r = 0.68, P < 0.005). Of the 1,471 sniffs observed in series 2, 55% were made by the younger male, Aldous; 17% by the older male, Milf; and 28% by the female, Jess.
There was a significant main effect of conditions on sniffing in series 2 (F(3,27) = 5.94, P < 0.01), but no condition was significantly different from NC using the Newman-Keuls Test. When particular objects were washed in series 1, they were sniffed at a disproportionately high rate: 37% of sniffs were directed at these posts whereas only nine percent would be expected by chance. Similarly, during the seven sessions in which the anal scent of an unfamiliar animal was applied to particular posts, 81% of sniffs were directed at the marked objects, whereas only 12% would be expected by chance. The majority of sniffs (69%) occurred in isolation from all other recorded elements.
Scratching.-Scratching was not recorded until late in the first series. The meerkats scratched at all marked objects but the distributions of scratches and leg lifts were not correlated (r = -0.03). Of the 467 scratching episodes observed in series 2: 44% were made by Aldous, 46% by Milf, and 10% by Maria. In WA sessions in series 2 the frequency of scratching was significantly higher than in NC sessions (F(3,27) = 2.95, P < 0.05; q(2,27) = 3.20, P < 0.05). Eightyfive percent of scratches occurred independently of leg lifts and 48% occurred in isolation.
DISCUSSION
The primary behavior pattern employed to deposit secretions from the anal gland by meerkats was the leg lift. All animals displayed the pattern, although the frequency of marking varied between individuals and across time for each individual. The only other pattern of behavior observed that could directly deposit anal secretion was the anal drag. Rasa (1973) and Kruuk (1978) have suggested that the anal drag is communicatory for the dwarf mongoose, and the European badger (Meles meles), respectively. Ewer (1963), however, felt that it served only a toilet or grooming function for the meerkat. In this study anal drags were observed both after defecation and in isolation. This was also the case in an earlier study in our colony where we found that 123 of 168 (73%) occurred independently of defecation. Thus, the anal drag might have a social communicatory as well as a grooming function and clearly could serve both functions even if motivated primarily by toilet related factors.
Odor Levels and Landmarks
Our observations provide strong evidence that behavioral patterns other than the leg lift are involved indirectly in scent marking. Sniffing at the object to be marked tended to precede a leg lift. Furthermore, objects that received the greatest number of marks were most frequently investigated and, when these objects were cleaned, leg lifting increased. The animals preferentially leg lifted on objects that had been cleaned if those objects were regular marking posts. Animals increased marking when they were prevented from marking objects for 24 h. Each of these manipulations also produced increases in sniffing and together suggest that the animals monitor the objects that they mark regularly and behave so as to maintain a certain level of odor on those objects. Foxes (Macdonald, 1979), wolves (Peters and Mech, 1975), and domestic dogs (Bekoff, 1979 ) scent mark more as the time since the last visit to a marking post increases. Rasa (1973) has suggested that odor intensity is also important in scent marking by the dwarf mongoose and has demonstrated that individuals distinguish between older and more recent anal gland secretions.
Body rubs seem to be involved in this same communicatory network. A body rub tended to precede a leg lift, but not as part of the major sniff-leg lift sequence. The distributions of rubs and leg lifts in the environment were almost the same and the two patterns were affected by conditions in series 2 in an almost identical fashion. Thus, an animal might rub against an object and pick up an odor, then leg lift on the object leaving its own odor. Furthermore, sniffs preceded body rubs in sequences that did not involve leg lifts, suggesting that sniffing not only provides information relevant to depositing scent, but also serves to determine which objects could provide a secretion for the animal's coat. The absence of cheek glands in meerkats is consistent with the suggestion that rubbing against objects does not serve the direct marking function proposed for a related species (Rasa, 1973) .
This behavioral system involving leg lift, body rub, and sniffing could serve to orient or reassure individuals in the group and, provide each member with a"group odor" that may promote recognition and familiarity within an exclusive social group (see Gorman, 1980; Johnson, 1973) . Support for this proposal is provided by the demonstration that two of the meerkat's closest relatives, the Indian and dwarf mongoose, are able to discriminate between the anal gland secretions of different individuals (Gorman, 1976; Rasa, 1973) .
For many species prominent objects are targets for marking (e.g., Gorman, 1980; Macdonald, 1980 Macdonald, , 1985 Peters and Mech, 1975) . However, in this study, relatively few objects were principal marking targets, and other objects, no matter how prominent, were marked infrequently or not at all. The existence of marking posts at particular spots in the animals' environment is consistent with the notion that scent marking provides "landmarks" to orient group members (see Gorman, 1980; Kleiman, 1966) .
Scratching and some sniffing appear to be part of a behavioral system distinct from scent marking. The most frequently marked objects were not most frequently scratched, and there was a strong tendency for a sniff-scratch transition only in sequences not involving leg lifts. It is possible that this transition is food related and, not unexpectedly, that sniffing is an important component of foraging as well as of scent marking.
The study provided little evidence that urination and defecation are related to anal gland scent marking. The functions of urine licking and of the raised-leg urination pattern remain to be investigated. The latter has been implicated in dominance and sexual displays in several species of canid (Bekoff, 1979; Kleiman, 1966 
Agonistic Determinants
Several authors have implicated scent marking in agonistic interaction (Johnson, 1973; Ralls, 1971; Rasa, 1973) . In our study, the secretions of an unfamiliar conspecific did not consistently produce an increase in leg lifts even though most sniffs were directed at objects so marked. An increase in leg lifts was observed when the unfamiliar animal was free to move around the room prior to the session-even though the introduced animal did not always scent mark. In this latter condition, sound and perhaps odors signalled the presence of the unfamiliar animal and may have induced an agonistic response not produced by odor alone. The increase in leg lifting cannot be classified as "a threat" without further information, but the reaction of the animals when in the presence of an unfamiliar meerkat suggests that the response is sometimes agonistically motivated. The younger female, Maria, was intensely aggressive towards the older nongroup member, Jess, her mother. This aggressive behavior was accompanied by uniquely high levels of both leg lifting and body rubbing. The males showed no overt signs of aggression and no increase in marking behavior.
Influence of Social Factors
We suggest that both agonistic influences and odor levels on established marking posts are determinants of scent marking in the meerkat. Other observations point to a third, less specific influence-fluctuations in social relationships. In the first place, large individual differences in marking were not tied consistently to sex or age. In addition, an animal that at one time performed most of the marking, later displayed few leg lifts. Such differences and fluctuations suggest social influences, perhaps mediated by changes in age, hormonal state, or reproductive status. The dramatic decrease in marking by the older male following the removal of the older female was associated with a social change. The older male continually followed and attended to the older female, but later showed no such attachment to the younger female. The sudden onset of marking by the younger female is consistent with her acquisition of a dominant social status after the removal of her mother. However, the older female did not mark frequently even when she appeared to be the dominant female. A particular social status may be a necessary, but not sufficient, cause for an animal to mark frequently. Urine marking in wolves is restricted largely to high ranking animals (Peters and Mech, 1975; Rothman and Mech, 1978), and studies of marking in several other species also suggest social status determinants (e.g., Macdonald, 1980 Macdonald, , 1985 Ralls, 1971) . Social conditions provide a dynamic background for the actions of more specific causal factors.
The current study suggests that scent marking by meerkats is controlled by several factors. On a specific and immediate level, the behavior is elicited by lowered odor intensity on established scent posts and by agonistic motivation. On the other hand, scent marking is affected by changes in social relationships or status. In contrast to odor intensity or agonistic influences, this factor has a tonic or background influence on marking. The interaction of specific and relatively non-specific factors in causation is of some theoretical importance (see Fentress 1973 Fentress , 1983 . Scent marking by the meerkat may provide a useful model for further study.
